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(54) MULTIPOINT CONTACT BALL BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multipoint contact ball bearing 
excellent in abrasion resistance and seizure resistance by applying 
surface preparation on a bearing ring of the multipoint contact bail 
bearing. 

SOLUTION: A hard film is applied at least on a surface of a track 
surface of one or both of bearing rings consisting of both rings of an 
inner ring (1a, 1b in case of two-piece inner ring) and an outer ring 2 on 
a multipoint contact ball bearing of three point contact, four point 
contact, etc. It is possible to use a super hard film of, for example, CrN, 
TiN, TiC, etc., as the film. Additionally, film thickness is desirably in a 
range of 0.1-5 U m, favourably 0.3-4 /i m and more favourably 0.5-3 /J 
m. 
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Japan Patent .Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to multipoint contact ball bearings, such as 3 point-contact 
ball bearing and 4 point-contact ball bearing, and relates to the multipoint contact ball bearing which gave hard anodic oxidation 
coatings on the surface of the bearing washer, and raised abrasion resistance and seizing resistance especially. 
[0002] 

[Description of the Prior Art] 3 point-contact ball bearing which a ball and a bearing washer contact by three points as shown in 
drawing 6 (a) and (b), Drawing 7 (a) a multipoint contact ball bearing like 4 point-contact ball bearing which a ball and a bearing 
washer contact by four points as shown in - (c) Since the compact machine design which supports the axial-bond load of the both 
directions which the movement magnitude of shaft orientations has the advantage that it is small and rigidity is high, and counters 
again is possible, it is applied not only to a pure axial-bond load but to the use which receives a radial / axial-bond combined 
radial and thrust loads. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when the load of a pure radial road, or the radial / axial-bond combined 
radial and thrust loads with a big radial component is carried out to the above-mentioned multipoint contact ball bearing, in the 
point of contact of a ball and an inside-and-outside ring raceway surface, there is a phenomenon in which the big skid by spin 
movement arises. 

[0004] In order that invention-in-this-application persons might examine this phenomenon, as shown in Table 1, they used as 
model bearing ball bearing A-D whose diameter of inside and outside is four kinds of the same sizes, and did simulation analysis 
of the property by the computer. 
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[0006] For front Naka and'Sign A, a deep groove ball bearing (what used 6308 as the base), and Sign B are [ 3 point-contact ball 
bearing and Sign D of an angular contact ball bearing and Sign C ] 4 point-contact ball bearings. An angular contact ball bearing 
(B) has 30 degrees of initial-contact angles. The outer ring of spiral wound gasket of 3 point-contact ball bearing (C) has the 
raceway-groove cross section of a single radii configuration like Bearing A and B, and an inner ring of spiral wound gasket has 
the Gothic arch type groove cross-section configuration of contacting at a ball and rest angle 30 degree. 4 point-contact ball 
bearing (D) shall have the Gothic arch type groove cross-section configuration where an inside-and-outside ring contacts at a ball 
and rest angle 30 degree. In addition, in mis simulation analysis, all the surface roughness of **** of each bearing, the number of 
balls, raceway-groove radius of curvature and a ball, and an orbit presupposed that it is the same. 

[0007] The method of a publication was adopted as the analysis technique at "4 Performance analysis of a point-contact ball 
bearing" (the Taniguchi, Aramaki, and Shoda: Japan tribology society, collection of the Tokyo lecture drafts of the spring of 
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tribology meeting 1 996). The bearing for analysis shall require a static load for an outer ring of spiral wound gasket, and shall be 
used by inner-ring-of-spiral-wound-gasket rotation. The service condition used for analysis is shown in Table 2. 
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[0009] The load of a radial road (4900Ns) and the axial-bond load (980Ns) was carried out to each bearing. Each family 
rotational frequency was set to 7500rpm. The analysis result was shown in drawing 8 . Drawing 8 shows the maximum of the P V 
value in the point of contact of the ball and inside-and-outside ring raceway surface which have a radial road in the position by 
which a load is carried out about each of the model bearing A, B, C, and D. The point of contact of a ball and a raceway surface 
serves as a field which has the field expressed with an ellipse form in the contact theory of a Hertz by surface elastic deformation 
in fact. A PV value is the product of the planar pressure P in this contact surface, and sliding-velocity V. In this analysis, the PV 
value is calculated in the contact surface of a ball and an inside-and-outside ring, and the maximum is shown here. The P V value 
is widely used as an index of generation of heat and wear by the skid. Value muprocess variable which multiplied process 
variable by coefficient-of-sliding-fhction mu between front faces does friction loss by the skid per a unit area and unit time. 
[0010] When the load of the radial / the axial-bond combined radial and thrust loads with a big radial component is carried out, in 
the bearing washer which contacts by the ball and two points in 3 point-contact ball bearing C and 4 point-contact ball bearing D, 
it turns out that the maximum PV value in the point of contact of a ball and a raceway surface is about 2.5 to 4 or more times, and 
a very big value compared with deep-groove-ball-bearing A or angular-contact-ball-bearing B. Thus, under a big skid, there is a 
possibility that faults, such as a temperature rise by generation of heat and advance of seizure and excessive wear, may arise, 
depending on a service condition. 

[001 1] Here, although the example which carried out the load of the radial / the axial-bond combined radial and thrust loads with 
a big radial component to 3 point-contact ball bearing or 4 point-contact ball bearing was shown, when the load of the pure radial 
road is carried out, the skid in the point of contact of a ball and a raceway surface becomes large similarly on the bearing washer 
which contacts by the ball and two points. Moreover, although the example of analysis about 3 point-contact ball bearing which a 
ball and an outer ring of spiral wound gasket contact by one point here, and a ball and an inner ring of spiral wound gasket contact 
by two points was shown, depending on loading condition, the skid of the contact section becomes large similarly about 3 
point-contact ball bearing of the type with which a ball contacts by the outer ring of spiral wound gasket and two points, and 
contacts by the inner ring of spiral wound gasket and one point. Moreover, even if a groove configuration is a **** [ not only a 
Gothic arch but ], and V character type groove cross-section configuration, in the multipoint contact ball bearing by which a ball 
contacts one [ at least ] bearing washer by two points, the sliding velocity between a ball and an orbital front face becomes large. 
[00 1 2] Then, this invention is made paying attention to the trouble of the above-mentioned conventional multipoint contact ball 
bearing, and aims at offering the multipoint contact ball bearing excellent in abrasion resistance and seizing resistance by 
performing surface treatment to the bearing washer of a multipoint contact ball bearing. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the multipoint contact ball bearing of this 
invention is characterized by the thing of the bearing washer of one side of the bearing washer which consists of 
inside-and-outside both wheels, or both performed for the hard coat on the surface of a raceway surface at least. 
[0014] Nature coats of superhard, such as CrN, and TiN, TiC, can be used here as the aforementioned hard coat. Moreover, the 
range of coating thickness of 0. 1 -5 micrometers is desirable, and it is preferably good for the ground of hard coat formation to 
perform [ 0.3-4-micrometer ] nitriding treatment as a still more desirable mode which is 0.5-3 micrometers still more preferably. 
0. 1 -60 micrometers of depth of the diffusion layer of the nitrogen N in that case are 0.5-30 micrometers preferably. The 
above-mentioned hard coat layer is formed on the nitriding treatment layer. 

[0015] Since direct contact of a metal pair metal will not arise like [ in the case of the bearing made from the conventional 
bearing steel ] even if the abrasion resistance of the raceway surface in contact with a ball becomes high and a lubricous oil film ■ 
becomes thin again if the hard coat of this invention is given, high seizing resistance and high abrasion resistance are obtained 
[0016] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained with reference to a drawing. 
Drawing 1 and drawing 2 are what showed the example of an operation form of the multipoint contact ball bearing of this 
invention; drawing 1 is the cross section of a doubling inner-ring-of-spiral-wound-gasket 3 point-contact ball bearing, and 
drawing 2 is the cross section of a doubling outer-ring-of-spiral-wound-gasket 4 point-contact ball bearing. An outer ring of spiral 
wound gasket 2 has 2m of raceway- groove cross sections of a single radii configuration, and the former 3 point-contact ball 
bearing has lm (refer to drawing 3 ) of Gothic arch type groove cross sections which an inner ring of spiral wound gasket 1 (a 
doubling inner ring of spiral wound gasket la, lb) contacts by the ball 3 and the rest angle beta. On the other hand, both the latter 
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4 point-contact ball bearings have the Gothic arch type groove cross sections lm and 2m which an outer ring of spiral wound 
gasket 2 (a doubling outer ring of spiral wound gasket 2a, 2b) and an inner ring of spiral wound gasket 1 contact by the ball 3 and 
the rest angle beta. 

[0017] The multipoint contact ball bearing of this invention has given the hard coat 5 to the raceway grooves [ of both steel 
bearing washers (an inner ring of spiral wound gasket 1, outer ring of spiral wound gasket 2) / lm and 2m ] front face. But not 
necessarily, giving the hard coat 5 concerned may not restrict both bearing washers, but it may be either an inner ring of spiral 
wound gasket 1 or the outer ring of spiral wound gasket 2. Moreover, the part which gives the hard coat 5 is not limited to a 
raceway-groove front face, but may also reach the field of others of a bearing washer. What is necessary is to give a hard coat to 
the orbital front face which may produce a big skid in direct contact of the metal pair metal of a bearing washer and a ball in short, 
and just to be able to prevent direct contact of metals. Even if it is under the service condition which a big skid generates in the 
contact section of a ball and a raceway surface by this, seizure and damage of wear can be prevented. 

[0018] The hard coat of this invention can be applied when hard ceramics, such as a silicon nitride, are used as a material of a 
ball. Since the inside-and-outside ring raceway surface is protected with the hard coat also in that case, there is little orbital wear. 
For this reason, it is also possible for a temperature rise to also offer a small multipoint contact ball bearing with the low torque 
which employed efficiently the features which a ceramic has, such as low density and low thermal-expansion nature. 
[0019] As the aforementioned hard coat, the so-called cemented carbide coats, such as TiC, TiN, TiCN, CrN, and Wx Cy, can be 
mentioned, for example. The reason with these effective coat kinds is because adhesion with steel is [ that a coat degree of 
hardness is hard and ] comparatively high compared with ceramics, such as silicon nitride used for the ball of a rolling element. 
Although the effect is influenced by the service condition of the bearing concerned, TiN, TiC, and TiCN have an effect large [ any 
of the coat kind of these hard coat are adopted ] under service conditions of foreign matter mixing, such as wear powder, for a 
coat life, for example. By sliding nature, CrN is comparatively promising. Moreover, for maintaining the coat degree of hardness 
in an elevated temperature, it is Wx Cy. Application is comparatively desirable. Furthermore, a CrN coat with comparatively few 
columnar crystals and the resultant in which it has (1 10,220) in respect of orientation are desirable, although not limited 
especially about a crystalline form, an orientation side, etc. of the resultant which deposited especially as an example, for example. 

[0020] The coating thickness of the aforementioned hard coat has desirable 0. 1 -5 micrometers, and its 0.5-3 micrometers are still 
more suitably desirable 0.3-4 micrometers suitably. In a thin film, exposure on the front face of a ground is large, the performance 
of a hard coat is reduced and sliding nature and its wear-resistant improvement effect are smaller than 0. 1 micrometers. It is 
because the internal stress of a hard coat will become large on the other hand if thicker than 5 micrometers, and adhesion with a 
ground is spoiled. 

[0021] As a metallic material (namely, steel type of a bearing washer) which gives the aforementioned hard coat The material 
which the secondary hardening deposit type eutectic carbide was formed [ material ] at the time of the tempering of a heat 
treatment process, and stabilized the size (high-speed steel, a semi high speed steel, martensite system stainless steel), And the 
material (material according to high carbon chrome steel) which raised tempering resistance and stabilized the size by the 
composition element component is suitable. In the former, there are SKD, SKH, M50, SUS440C material, etc. in the latter for 
example, as an alloy steel material For example, Si:0.7-1 .5 % of the weight, Cr:0.5-2.0 % of the weight, and Mo:0.5-2.0 % of the 
weight are contained at least, and the charge of steel materials which performed carburization nitriding treatment to the front face 
beforehand is mentioned concretely. 

[0022] As nitriding treatment of a ground (raceway surface), gas nitriding, ion nitriding, an ion implantation, etc. are suitable, and 
it is desirable to control the content of nitrogen suitably. For example, these nitrides layer has desirable 0.1-60 micrometers as a 
diffusion layer, and further 0.5-30 micrometers is suitable for it. it is because there is no effect of the improvement in hardness of 
the surface section, surface nitrogen concentration will become high in less than 0. 1 micrometers if deeper than 60 micrometers of 
one side, and adhesion with the ground of a reaction sludge is spoiled 

[0023] The membrane formation method of the aforementioned hard coat has physical vapor depositions (PVD), such as ion 
plating and a spatter, the desirable chemical vapor deposition (C VD) which is one of the gaseous-phase coating. Among those, 
reactive sputtering which makes the arc discharge form high- vacuum ion plating which can make the ionization rate of a coat 
generation element high or a metal target, and reactant gas live together but, the plasma C VD to which a gas molecule is made to 
react by non-equilibrium using plasma are suitable. Since membranes can be formed with low reaction temperature, the reason 
for making an ionization efficiency high is because there is an advantage to which processing material is not limited, and since it 
uses plasma, it can be formed with still lower reaction temperature at reactive sputtering. Moreover, since deposit temperature 
falls to 1 / 3 - 1/4 compared with the usual CVD, plasma CVD has the advantage to which processing material is not limited too. 
[0024] in addition — general - the outer-ring-of-spiral-wound-gasket raceway surface of radial bearing — a ring configuration — 
since it is in the bore side of a member, it is not easy to generate a coat to a raceway surface compared with the inner ring of spiral 
wound gasket which has a raceway surface in an outer-diameter side Then, in the case of 4 point-contact ball bearing, generation 
of the hard coat to an outer-ring-of-spiral-wound-gasket raceway surface can be made easy by having divided the outer ring of 
spiral wound gasket into two rings preferably, and considering as an outer ring of spiral wound gasket. Other bearing washers are 
effective in preventing wear and damage of seizure by considering two point contacts as a ball by contacting the bearing washer of 
the direction which receives a static load among inside-and-outside rings by the ball and one point depending on a service 
condition in the case of 3 point-contact ball bearing. When an inner ring of spiral wound gasket receives a static load, or when it 
is thought that it is in the range which can permit the skid between a ball and a raceway surface by the service condition, the 
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application of 3 point-contact ball bearing which a ball contacts, respectively by the inner ring of spiral wound gasket, one point 
and an outer ring of spiral wound gasket, and two points is possible. At this time, when an outer ring of spiral wound gasket is 
preferably constituted from two ring members and each ring considers as the doubling outer-ring-of-spiral-wound-gasket type 
which has one raceway surface, respectively, coat generation to a raceway surface can be made easy. 

[0025] As an example of the use of the multipoint contact ball bearing concerning this invention which was explained above, the 
bearing for machine tool main shafts as which high degree of accuracy is required, the drive system of the automobile by which 
miniaturization is demanded, the bearing for rail cars with an easy maintenance, etc. are mentioned. 
(Example) Next, an example explains the effect of the multipoint contact ball bearing concerning this invention. 
[0026] Example 1 : The thickness dependency of the antiseizure property (durable time) of the multipoint contact ball bearing of 
this invention was evaluated. The hard coat of CrN was formed in the front face using the arc discharge type ion plating system, 
using M50 material ring with an outer diameter of 60mm as a test piece, by controlling reaction time, thickness was boiled 
variously and changed Fluorescence X rays were used for measurement of thickness. 

[0027] The friction abrasion tester of the ring-on ball formula according to the Tim Ken type testing machine was used for 
evaluation. It is Si 3N4 with a diameter of 12.7mm to the peripheral face, rotating the test-piece ring attached in this testing 
machine by SOOrpm. The make ball was contacted by the load of 30kgf(s), and it operated under oil lubricous. And rotation was 
stopped and it considered as durable time with operation time in the meantime in the place which required the fixed motor load 
(overcurrent value of a motor) by seizure. The obtained result is shown in drawing 4 . 

[0028] As for the improvement effect of an antiseizure property, the thickness of the CrN hard coat which is a resultant was not 
accepted by less than 0. 1 micrometers. On the other hand, when thickness exceeded 5 micrometers, ablation occurred. It became 
clear that what is 0.5-3 micrometers of thickness is desirable to improvement in endurance, and the direction is still more 
desirable although the orientation side in comparison with a thing (220) without a stacking tendency was made to form. 
[0029] Example 2: It investigated about the effect exerted on the antiseizure property of the surface treatment about the multipoint 
contact ball bearing of this invention. 

[0030] M50 material ring is used as a test piece, the respectively same hard coat processing as the material which does not carry 
out material which carried out two kinds of surface treatment, ion nitriding processing and gas-soft-nitriding processing, and 
surface treatment is performed, a hard coat is formed, and durable time is investigated like an example 1 
[003 1] Ion nitriding processing impressed the direct current voltage of 500V by having used the test-piece ring as cathode in the 
low voltage gas (N2 10 H 2) atmosphere of 8 or less Torrs, and performed nitriding treatment in glow discharge. The thickness of 
a nitrated case is 20-30 micrometers. 

[0032] Gas-soft-nitriding processing mixes ammonia gas into hydrogen gas, processed 500 degrees C of test-piece rings for 1 
hour, and made the 20-micrometer nitrated case form in the mixed gas. After the above-mentioned ion nitriding processing or 
gas-soft-nitriding processing, the hard coat of CrN was formed in thickness of 2 micrometers on the front face of a test-piece ring 
using the arc discharge type ion plating system. The seizure evaluation result which may have had the durability test by the 
friction abrasion tester of a ring-on ball formula performed to each [ these ] test-piece ring is shown in drawing 5 . It investigated 
also about the front face which gave the coat same as an example of comparison as material without surface treatment. Although 
the seizure-proof effect of a hard coat was accepted even when surface treatment was not performed as shown also in drawing 4 , 
the front face which generated the hard coat after performing nitriding treatment to the ground showed still higher seizing 
resistance. From this result, it can be said as the method of surface treatment that ion nitriding processing is desirable. 
[0033] According to the multipoint contact ball bearing concerning this invention, even if a big skid occurs in the contact section 
of a ball and a raceway surface peculiar to the multipoint contact ball bearing which receives a big radial road, the effect that 
seizure and the injury of wear can be prevented is done so. Moreover, since an inside-and-outside ring raceway surface is 
protected with a hard coat even if it uses hard ceramics, such as a silicon nitride, as a material of a ball, there is little orbital wear 
and it also has the effect that a temperature rise can also offer small bearing with low torque, taking advantage of the features 
which a ceramic has for the reason, such as low density and low-fever expansibility. 
[0034] 

[Effect of the Invention] If it is in the multipoint contact ball bearing concerning this invention as explained above, even if a big 
skid occurs in the contact section of a ball and a raceway surface peculiar to the multipoint contact ball bearing which receives a 
big radial road by giving a hard coat to at least one front face among inside-and-outside ring orbits, seizure and the injury of wear 
can be prevented. 



[Translation done.] 
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